This paper studies the business cycle in Germany using the HP-filter (Hodrick/Prescott (1997) 
Introduction
The theoretical analysis of the international business cycle was pioneered by Dellas (1986) and Cantor/Mark (1987) in the tradition of the Real Business Cycle school. This work has initiated a vivid body of research which focused primarily on the explanation of the US and its relation to Europe or the remaining G7 countries. Simultaneously much effort has been devoted to the description of the business cycle, that is to the establishment of stylized facts. Only in recent years some authors have analyzed the development in European countries. The study of Christodoulakis/Demelis/Kollintzas (1995) can serve as an example here. Unfortunately very few studies try to develop country specific models and to obtain stylized facts at the same time in a unified framework for European countries. The present paper wants to serve as a contribution to this research area.
In section 2 stylized facts for Germany are derived using the Hodrick/Prescott (1997)-filter widely employed in the literature. Section 3 presents a single-good, two-country model in line with Baxter/Crucini (1995) to account for the German business cycle. The model is modified with respect to the utility function and the exogenous forcing processes for technology and government consumption. Government consumption is allowed to act like a taste shock through the possibility to be a substitute for private consumption. The model is calibrated to German data and the standard deviations and cross correlations are compared to the empirical results. It is shown that the lead-lag structure can be replicated quite well. Investment and hours worked are positively correlated internationally. The consumption correlation is well below unity and the output correlation is positive but still below the consumption correlation so that the quantity anomaly cannot be resolved. Impulse response functions give a graphical interpretation and clarification for this result. They reveal that the strong spillover effect of US technology shocks to Germany is of significant importance for the explanation of the lead-lag structure. Section 4 contains some conclusions and suggestions for future research.
Stylized Facts of the German Business Cycle
Before evaluating the performance of a Real Business Cycle model the data has to be analyzed. I will restrict the analysis to the German economy which has already been studied by Brandner/Neusser (1992) . Here special attention is given to the transformation of the data. In order to compare correctly the implications of the model with the data the variables have to be treated equally, as far as it is possible. Elimination of a linear trend in the model requires to detrend the data linearly as well. The formulation of the model in per capita terms implies to look In Hénin (1995) there are two papers that deal explicitly with the French business cycle. Harjes (1997) is looking at the German economy while Lundvik (1992a,b) analyzes Swedish data. See Correia/Neves/Rebelo (1992 for an analysis of the Portuguese economy.
at the respective empirical per capita terms. Moreover it is important to consider lead-lag relationships and not only the contemporaneous correlations as is frequently done in the literature.
Many international correlations do not peak at lag zero but show significant lead of some aggregates over the other country's variable. Only few papers can be used to compare the results of such an analysis: Reynolds (1992) and Zimmermann (1997) are notable exceptions. In the next two subsections I will present results for Germany and for the business cycles between Germany and the US. The US is considered because it is the country that can be best regarded as the rest of the world even though it is not a major trading partner of Germany.
Business Cycles in Germany
As the detailed analysis of Canova (1998) has shown business cycle facts depend heavily on the way the business cycle component is extracted. For the sake of brevity I will not present results
here for the case of extracting only a common linear trend from the time series under study. In some cases I will depart from the literature in calculating the relevant macroeconomic aggregates.
The filter used will be the HP-filter as to preserve comparability with the literature where possible.
I study quarterly data taken in most cases from the Deutsche Bundesbank. ! Output, consumption, investment and savings are all divided by the population size to get per capita variables. In order to have a proper measure for hours worked one has to take into account both the time worked per day and per employed person as well as the size of the population. The relevant concept for hours worked in the model is hours worked per capita so that one has to multiply hours worked daily by total employees and to divide by the population size. This procedure is also suggested by King/Plosser/Rebelo (1988a) . Concerning the trade balance I follow the literature regarding the ratio of the difference between exports and imports to GNP, but -and in this respect deviating from other studies -for real variables because the model will be formulated for real terms. There is hardly any justification for the use of nominal trade variables. 256), however, reveals that one could also see a tendency for the real wage to lead countercyclically (four lags, -0.26) as well as to lag procyclically (five quarters, 0.25).
It should be pointed out that hours worked per capita are not constant in Germany. Due to the steady decline in average employee hours worked per day hours per capita show a negative trend over the sample range. Fitting a linear trend reveals a decline of about 0.7 % per year. The assumption of constancy of N in many models along the lines of King/Plosser/Rebelo (1988a,b) is -taken seriously -false for the German case. Nevertheless the assumption will be maintained in the model presented in section 3.
In the US all variables except the trade balance and consumption show a higher absolute standard deviation. Relative to output savings and investment fluctuate more and consumption less than the German aggregates. All variables are more persistent in comparison to Germany. Consumption, investment and savings are significantly stronger correlated with output in the US. Hours worked are procyclical without any lag while the real wage is leading procyclically, not lagging. The differences with respect to the labor market may be due to institutional factors while more persistent technology shocks are likely to be the cause for higher auto-and cross correlations in the US. # Blackburn/Ravn (1991) also detect a leading trade balance with three quarters (-0.54) and a similar standard deviation (1.05 %). In Reynolds (1992) the trade balance leads countercyclically with two quarters ( -0.33).
International Cycles between Germany and the US
In order to analyze the international business cycles between Germany and the US a similar analysis of the US business cycle has to be undertaken. $ The sample range is the same as the one for Germany to have two equally sized samples. I use the Citibase series for total consumption as there is no differentiation in the model between different types of consumption and as there are no such data in Germany. % The same holds for investment. The calculation of the trade balance to output ratio as well as hours worked are conducted in the same manner as in the German case.
As pointed out before special interest is given to the lead-lag relationship of the variables. Further efforts concern the description of the labor market and the saving-investment correlation. The graphs of the cyclical components in figure 2.1 rather suggest no relationship for real wages and the trade balance. But the lagging character for German output and hours can be well detected.
Savings and investment are more highly correlated in the US (0.92) than in Germany (0.51). Here the highest correlation occurs at lag zero. There is no clear cut pattern for the real wage in Germany: There seems to be a tendency to lag 13 quarters countercyclically (-0.52) behind hours worked whereas in the US it shows a lead of three quarters (0.74).
$ A detailed description will not be presented here. See the above paragraph for a short comparison of the results with the German data. Studies of the US business cycle itself which come closest to the procedure used here are those of Kydland/Prescott (1990) and Huffman (1994) . It should be taken in mind that these authors do not use per capita data. But they employ the same data source (Citibase).
% See the appendix for a complete list of the data used. Some authors propose to calculate the flow of services from the consumption of durable goods and to add this component to consumption of nondurables to arrive at a proper measure of total consumption in the data. I do not follow this procedure because the measure of consumption in the model should be interpreted as total consumption without differentiating consumption categories. Reynolds (1992) Here only the version with the best fit of the facts will be exposed. The superiority will be motivated at several stages in subsection 3.3.
The Model
The world consists of two equally sized countries which are populated by a large number of identical households so that one can restrict the analysis to representative agents. Both countries produce the same good. Households maximize their respective live-time utilities which are given in (3.1) and (3.2): Here it is combined with a special form of taste shocks through government consumption as in Bec (1995) and Roche (1996) . This combination together with stochastic exogenous government consumption is new to the literature. ' C J F denotes private consumption and G J government consumption. It is assumed that the household's total consumption is given by the sum of C J F and a share z of G J :
The higher z the better private and government consumption can be substituted. z is likely to be zero for pure public goods and close to one for libraries, hospitals and school lunches because these goods could be easily provided privately. According to Barro (1981) z lies between zero and one whereas Graham (1993) also gets negative values.
s governs the intertemporal elasticity of substitution or the degree of risk aversion. N J represents hours worked and is multiplied by the labor augmenting technical progress X J . b is the discount factor and y n , are parameters. The same applies to the star-parameters.
The total amount of time is normalized to one so that the sum of leisure L J and N J cannot exceed one: In contrast to labor new capital is international mobile. The capital stock is costly to adjust which is modeled with the help of an adjustment cost function f originally proposed by Baxter/Crucini (1993) .
f need not be directly specified. It suffices to determine its behavior in the steady state. In particular it is assumed that the model with and without adjustment costs yields the same steady state. This determines f and ¢ f . A third parameter needed is the elasticity of Tobin's q with respect to the investment to capital ratio I K . The parameters will be discussed when calibrating the model. d denotes the depreciation rate.
Budgets must be balanced so that taxes are equal to government consumption. There are no transfers to households as in Baxter (1992) . Moreover tax rates t t , * are constant.
Two possible market structures can be analyzed. Baxter/Crucini (1995) call them complete and incomplete markets. Since the case of incomplete markets comes closest to match the stylized facts it will be presented here.
Incomplete markets means that households can only trade noncontingent bonds and not all types of assets. This amounts to model the evolution of bonds B J and therefore the trade balance TB J explicitly.
The resource constraints for output are are the corresponding equations for the trade balance. r J is the world interest rate which will be determined endogenously.
The model is solved using the algorithm of King/Plosser/Rebelo (1990) . For this purpose all variables except hours worked are divided by the deterministic technical progress X J . As in Baxter/Crucini (1995) bond holdings of the home country (Germany) will be eliminated as a state variable because the world bond market must clear in equilibrium. = 0 2536 are different due to country specific government consumption and tax rates.
" It is difficult to calculate the depreciation rate from the data because there are no capital stock series. There is no empirical information about the adjustment cost functions either.
# It is easier to determine this ratio than the one between bond holdings and output.
The preference parameters n n , * are set equal to 1.7 as in Greenwood/Hercowitz/Huffman (1988) . According to Aschauer (1985) and in line with Bec (1995) and Roche (1996) Technology shocks can be identified with A A J J , * , the factors augmenting total factor productivity.
With Cobb-Douglas production functions they can be interpreted as Solow residuals and hence are that part of output growth that cannot be accounted for by the growth of labor and capital.
Because data on capital stocks are not available or have to be constructed using investment series I will ignore the capital stock when computing the residuals. So Solow residuals are given by Given the respective series for Germany and the US a VAR (1) model is fitted to the data. This was also done by Roche (1996) in a sensitivity analysis using data for the US and an aggregate of the remaining G7 countries. But he did not use this estimation in his model simulations. Hereand this is new to the literature -the estimated VAR (1) model is considered as the correctest estimate for the driving processes. It will neither be symmetrized as in Backus/Kehoe/Kydland (1992) or in Ravn (1997) nor will the variances of the noise terms be normalized to one as in Baxter/Crucini (1995) . It will be shown that the model with the "true" exogenous processes as estimated from the data yields the best explanation of the stylized facts.
The estimation of the VAR model yields the following result: The numbers in brackets denote standard errors. The e's are the noise terms and y $ , $ , $ , $ * * ) ) C C is the variance-covariance matrix. All coefficients which are not significantly different from zero at a 10 % level are considered to be zero. ' So the variables in the US follow pure AR (1) processes.
The German technology process shows the same structure as that in Roche (1996) . But there are no significant negative spillovers from German to US government consumption. German technology worsens due to a rise in German government expansion -01717 . 
2774). The variance of the US technology shock is smaller than the one in
Backus/Kehoe/ Kydland (1992) while that for Germany is higher than the one for the European aggregate so that the effect on the variability of the model aggregates is ambiguous. All offdiagonal elements in the variance-covariance matrix are set to zero in order to avoid problems later when computing impulse response functions. It must be mentioned that these coefficients are not equal to zero in the estimated VAR. In contrast to Roche (1996) there are positive correlations between all noise terms, even between the fiscal ones. The technology noise terms have a correlation of 0.125, about have as high as the one in Baxter/Crucini (1995) . ' An exception is the value 0.1585. Setting this coefficient to zero would imply that German cyclical government consumption is not influenced by the previous period's value which seems implausible.
From an econometric point of view the variance-covariance matrix must be diagonal in order to be able to compute reasonable impulse response functions later on in the model. Here the matrix has been made diagonal by simply setting the elements equal to zero without calculating a Choleski factorization. As mentioned above the model is solved using the King/Plosser/Rebelo (1990) algorithm. The moments of the variables are computed with the help of Parseval's theorem in the frequency domain which allows for an "exact" computation in contrast to the solution one obtains after simulating the model several times and using the averages over the simulations. Because of the asymmetries different business cycle implications arise for the US and Germany. As the focus is on Germany only these results are reported in table 3.1.
The standard deviation of output matches exactly the empirical counterpart. In Zimmermann The dominance of this model over all other types analyzed is established through its ability to match the lead-lag structure of output and savings as well as to produce strongly positive international output, savings, investment and hours worked correlations. This has not been achieved by any other single-good model in the literature.
Impulse Response Functions
Impulse response functions allow for a deeper analysis of the dynamic reactions to a one percent exogenous technology or government shock. Figure 3 .1 shows the impulse responses of the variables due to a one percent German technology shock.
There are no spillovers from German to American technology so $ * A remains zero all the time.
Due to the small AR coefficient the effects are not very long lasting. They die out quite quickly.
Output, hours worked and real wages show an identical reaction and differ only with respect to the intensity of the initial response. Because there is no direct influence of German technology shocks on these US variables the initial reaction is zero. The positive response after a few quarters is due to the strong correlation between investment in both countries influencing the evolution of the capital stocks. show up an instability of bond holdings that carries over to the above mentioned aggregates although the exogenous processes are stationary.
Fiscal shocks have a negative impact on German technology but no effect on US government consumption. This special dynamic structure carries over to the aggregates and shows up in a specific reaction of the German variables. Figure 3 .2 displays the impulse response functions which evolve after a one percent fiscal shock in Germany.
The graph for $, $ problem by imposing stationary cardinal utility functions as in Mendoza (1991) or by allowing bond holdings to be an argument of the utility function as in Bruno/Portier (1995) .
! The direct response of investment in a model with GHH-preferences is a special characteristic of the underlying exogenous processes.
In the literature mainly two ways have been proposed to improve upon the deficiencies. On the one hand, the countries are allowed to produce more than a single good and on the other hand, multi-country models were proposed. Often the papers focus on a very special deficiency which is tried to overcome. One conclusion from all these efforts is that it is particularly difficult to explain simultaneously a high volatility of the terms of trade and the correct ranking for the international correlations. There seems to be a trade off between an adequate description of this volatility and the mapping of the international correlations. In contrast the model at hand demonstrates in a tractable way how to achieve a reasonably good fit of the data -without complicated extensions with respect to the number of goods or the countries considered.
Unfortunately the results of many models cannot be directly compared to this model. There is a trend to use the models only for the explanation of very specific aspects of the data like output dynamics (see Canova/Marrinan (1998) ) or the behavior of savings and investment (see van Wincoop/Marrinan (1996) ) without reporting results with respect to the business cycle properties of the models. Moreover a detailed analysis of lead-lag structures is still missing. Since the models do not face the stylized facts they are prevented from being discarded on this ground.
All models in the literature -including the one presented here -perform extremely bad for the labor market variables. Future research should combine the strategy pursued by the researchers on closed economy Real Business Cycle models (Hansen (1985) , Cho/Rogerson (1988 ), Kydland (1995 ) with the multi-country open economy strand as in van Wincoop (1996) and with nonwalrasian features concerning the labor market in the spirit of Danthine/Donaldson (1993) 
